Introduction
[2] Mantle-derived xenoliths and xenocrysts are brought to the surface by volcanic of deep-seated origin, and the usefulness of these samples in mapping the architecture and composition of the lithospheric mantle is well established [e.g., O'Reilly and Griffin et al., 1998a Griffin et al., , 1998b O'Reilly et al., 2001] . Such mantle fragments can also be used to establish the thermal environment and the physical properties (including seismic velocity and density) of mantle regions. However, such information is confined to the sites of the host volcanics, which act as virtual drillholes. Geophysical data provide information about the physical response of mantle domains regionally and thus can be used to extrapolate between the sites where the mantle has been sampled by volcanics. Several detailed studies [e.g., Griffin et al., 1999c Griffin et al., , 2004a Griffin et al., , 2004b have shown close correspondence between structural domains in the crust and the lithospheric mantle, and demonstrate that the timing of large-scale crustal tectonic events is recorded in mantle rocks. Where crustal geology is not well-exposed, the geophysical characteristics and the information from mantle petrology can provide valuable information for interpreting the crustal geology and structure. In this study, we have integrated information from the extensive array of mantle geochemical and petrological data provided by kimberlites emplaced across the Slave Province, from gravity and topography data sets, and from mapped surface geology and tectonic syntheses, to examine lithosphere structure.
[3] The response of the Earth to applied geological loads provides important information on the longterm thermal and mechanical properties of the lithosphere. These properties can be described using the theory of elastic plate flexure by inverting gravity and topography data. This theory assumes that an elastic plate is deflected by surface and/or subsurface loads, and that the deflection of the plate is a function of the rheological state of the plate and the size of the loads. Several methods can be used to estimate the flexural strength of the plate in terms of its effective elastic thickness. These include the 2D coherence technique [Forsyth, 1985] , maximum entropy method [e.g., Lowry and Smith, 1994; Wang and Mareschal, 1999] and multitaper methods [e.g., Simons et al., 2000] .
[4] Our aim in this study has been to map out variations in the gravity/topography relationships across the Slave Province, in order to delineate mantle domains and identify potentially prospective regions for mineral exploration, using constraints from the analysis of mantle petrology data, surface geology and geophysics. Mantlederived xenoliths and heavy mineral concentrates have been used to construct lithospheric sections showing the distribution and proportion of different rock types with depth, and thus to characterize the composition and thermal state of the lithosphere beneath the Slave Craton [Griffin et al., 1999a [Griffin et al., , 1999b [Griffin et al., , 2004b O'Reilly et al., 2001] . Xenocryst data discussed by Griffin et al. [2004b] have been supplemented by new data from kimberlites of the Rocking Horse cluster (Peregrine, Voyageur, Muskox) . We use the 2D-coherence function analysis, a wavelength relationship between Bouguer gravity and topography, to estimate the elastic plate thickness (or Te) of the lithosphere beneath the Slave Craton [Forsyth, 1985; Macario et al., 1995; Poudjom Djomani et al., 2003] . The composition and structure of the lithospheric mantle varies across the Slave Craton [Griffin et al., 1999b [Griffin et al., , 2004b Jones et al., 2003] , and this should be reflected by variations in mechanical strength. The results of the geophysical analysis are compared with the geochemical data to delineate major lithospheric domains and their boundaries.
Regional Geology of the Slave Province
[5] The basement rocks of the Slave Craton (Figure 1) show a marked E-W dichotomy, with ancient gneisses (>3.3 Ga) exposed in the western parts, and only younger crust ( 2.8 Ga) exposed in the eastern part. Kusky [1989] interpreted this pattern in terms of an ancient block (the Anton Terrane) to the west, and a series of accretional terranes (Contwoyto, Hackett River) in the east. Bleeker et al. [1999] rejected aspects of this model, defining an ancient terrain (the Central Slave Basement Complex) preserved in the west, and an eastward transition to younger crust through collision, or rifting and dilution with juvenile material. The approximate surface boundary between the older and younger domains is marked by a series of inferred east-dipping thrusts and the deformed rocks of the Sleepy Dragon Complex. Pb isotope compositions of galena and Pb and Nd isotopes in pan-Slave (circa 2.6-2.9 Ga) granites define two lines subparallel to this boundary, suggesting the eastward extension of older material in the deeper crust [Thorpe et al., 1992; Davis and Hegner, 1992; Davis et al., 1996 Davis et al., , 2003 W. J. Davis, personal communication, 2004] .
[6] The Mackenzie plume was emplaced beneath the northern part of the Craton at circa 1.27 Ga [LeCheminant and Heaman, 1989] , resulting in the intrusion of mafic to ultramafic plutons, and an extensive swarm of mafic dikes running NW-SE across the Craton.
[7] Numerous kimberlite pipes outcrop in the Slave Craton (Figure 1 ), sampling mantle rock types at the time of their intrusion (Paleozoic to Miocene [e.g., Griffin et al., 1999a Griffin et al., , 1999b Griffin et al., , 2004b Pearson et al., 1999; Kopylova et al., 1999] ).
Geophysical Constraints on Lithospheric Structure
[8] Constraints on lithosphere structure are derived from global seismology, xenolith-based data, heat flow, long period magnetotelluric data and seismic reflection and refraction data.
[9] Several studies have estimated the depth to the crust-mantle boundary beneath the Slave Province using teleseismic, seismic reflection and refraction data. Most of these studies, including the LITH5.0 crustal model of Canada [Perry et al., 2000] reveal that the Moho depth varies between 37-40 km within the craton, and 39-45 km off-craton and on the edge of the craton [e.g., Durrheim and Mooney, 1994; Cook et al., 1999; Bank et al., 2000] . Magnetotelluric studies [Jones and Ferguson, 1997; Jones et al., 2001 Jones et al., , 2003 ] reveal an electrically isotropic lithosphere beneath the Central Slave Basement Complex (CSBC). The base of this electric lithosphere, defined by an increase in conductivity, is at 250-300 km beneath the CSBC (the oldest part of the craton) and thins to about 150 km at the edges of the craton. The spatial extent of a zone of high conductivity in the shallow Figure 1 . Regional geology, mantle composition, and mean %Fo in olivine versus depth in individual sections corresponding to kimberlite fields across the Slave craton defined using garnet xenocrysts (modified after Griffin et al. [2004b] ). The xenocrysts can be classified according to the scheme described by Griffin et al. [2002] and grouped into several broad categories in terms of their original host rock: depleted harzburgites (Depl. harz.), depleted lherzolites (Depl. lherz.), depleted/metasomatised lherzolites (Depl./metas. depleted, then refertilized by fluids or melts), and fertile lherzolites (which probably represent more advanced stages of metasomatism). Pb and Nd isotope lines are discussed in the text. Geological timescale: 1, Cenozoic-Quaternary; 2, Mesozoic-Cretaceous; 3a, PaleozoicMiddle; 3b, Paleozoic-Early; 4a, Proterozoic-Middle; 4b, Proterozoic-Early; 5, Archean. mantle described by Jones et al. [2001 Jones et al. [ , 2003 coincides with that of the ultradepleted harzburgitic layer mapped by Griffin et al. [1999a Griffin et al. [ , 1999b .
[10] Seismic tomography results place the lithosphere-asthenosphere boundary at 250 ± 50 km [Bank et al., 2000] , consistent with petrological [Griffin et al., 1999a [Griffin et al., , 1999b [Griffin et al., , 2004b and magnetotelluric studies [Jones et al., 2001 ]. The highest seismic velocities are found within the CSBC, showing that this lithospheric block is distinct from the adjacent terranes to a depth of $150 km. Shallow low-velocity anomalies are found between the Central Slave Basement Complex and the eastern edge of the craton. These anomalies have been interpreted as trapped regions of fertile (lherzolite-rich) mantle material within the surrounding harzburgitic lithosphere [Kusky, 1993; Kusky and Polat, 1999] .
[11] Heat flow data reflect heat flux from radiogenic sources within the crust, as well as variations in mantle heat flux. Both types of heat flux data have been recorded in the Slave Province. Jaupart et al. [1998] used heat flow measurements and geochemical data to estimate the crustal heat production and the mantle heat flow on the Canadian shield. Their results give an average mantle heat flow of 13 mW/m 2 on the craton. This value is similar to that recorded by Thompson et al. [1995] in the Yellowknife area, in the southern part of the Slave craton and is compatible with relatively low values obtained by Russell et al. [2001] on the Superior Province. Russell and Kopylova [1999] modeled a geotherm for the mantle beneath the Jericho kimberlite, on the northern edge of the Kilohigok Basin, using geothermobarometry of mantle xenoliths, and estimated a surface heat flow of 56 mW/m 2 . Direct measurements of surface heat flow at Yellowknife, on the southern margin of the craton, give a value of 53 mW/m 2 [Lewis and Wang, 1992] . Recent analysis of temperature variations from two drill holes near Lac de Gras yields an average surface heat flow of 46 mW/m 2 [Mareschal et al., 2004] . These surface heat flow values over the Slave craton are higher than elsewhere in the Canadian Shield. Measurements of heat production on outcrop samples show extremely high concentrations of radioactive elements [Thompson et al., 1995] , suggesting that the high surface heat flow reflects a more felsic crust.
[12] In summary, heat flow, seismic, magnetotelluric and xenolith-based data indicate that some parts of the Slave craton are underlain by roots with low temperature, high P wave velocity, and high resistivity that are different from the lithosphere beneath the surrounding areas. Such differences should result in lateral variations in lithospheric structure, as revealed in the Te analysis presented here.
Data and Methods

Regional Gravity and Topography
[13] The data were taken from the Canadian gravity database and consist of irregularly spaced gravity and topography points. An additional topographic data set was extracted from a 6 km global merged marine and continental database compiled by Smith and Sandwell [1997] . The continental values are a version of the ETOPO30 data base. These data have higher resolution and most importantly, minimize the errors caused by negative topography on the continents. Both the topography and the gravity data were processed and gridded using a minimum curvature algorithm available from GMT [Wessel and Smith, 1995] . Several subgrids were extracted from these master grids of gravity and topography for the coherence analysis and elastic thickness estimate.
Geochemical Data
[14] Numerous kimberlites have intruded the Slave Craton between Paleozoic and Miocene time. Xenoliths and heavy mineral concentrates from over 25 kimberlites, and representative diamond populations and their inclusions, were used to map the composition, structure and thermal state of the lithospheric mantle beneath the Las de Gras area in the central part of the craton [Griffin et al., 1999a] . This analysis revealed a distinct two-layered lithosphere: a shallow ultradepleted layer and a deeper less depleted layer. The two layers are separated by a sharp boundary at 145 ± 5 km depth; the base of the lithosphere, defined on geochemical data, lies at $200 km depth. Griffin et al. [1999b] and Pearson et al. [1999] used similar techniques to map out the area underlain by this two-layered structure, and found that it covers an area of at least 14,000 km 2 extending north, south and west of the Lac de Gras area. In the far northern and southern parts of the craton, the lower layer occurs at depths shallower than 100 km, representing the garnet-spinel peridotite boundary, and if the depleted shallow layer is present, it cannot be detected using garnet data. Kopylova et al. [1999] used xenolith data to define the base of the petrological lithosphere at about 190 km [15] More recent studies [Griffin et al., 2004b] have shown that the layered structure is widespread across the craton, and that while the upper layer shows considerable regional variation, the deeper layer is relatively uniform in composition. Diamonds in the Lac de Gras kimberlites are derived almost exclusively from the deeper, less depleted layer, and a high proportion of the diamonds in the Lac de Gras kimberlites contain mineral inclusions crystallized at depths !660 km, indicating derivation from the lower mantle [Davies et al., 1999 [Davies et al., , 2004 . In addition, the Co-and Ni-rich compositions of some sulfides from the peridotites indicate equilibration in the lower mantle (>600 km [Aulbach et al., 2004] ). These observations provide further evidence for the interpretation of the lower layer as a frozen plume head [Griffin et al., 1999a [Griffin et al., , 1999b , consistent with its homogeneous regional composition. Sulfide minerals included in olivine and diamond from the deeper layer give Re-Os ages of 3.2-3.3 Ga, suggesting that plume emplacement occurred in MesoArchean time [Aulbach et al., 2004] . Westerlund et al. [2003] obtained a 3.4 Ga Re-Os isochron on sulfide inclusions in diamonds from the same area, and interpreted this as the age of the upper layer of the SCLM. The existence of this ancient mantle lithosphere beneath the younger crust of the central Slave Craton suggests underthrusting of the older western lithosphere beneath the younger eastern parts in a zone at least 70 km wide.
[16] Griffin et al. [2004b] have mapped the mantle composition, derived using garnet xenocrysts, in individual sections corresponding to kimberlite fields across the craton (Figure 1) . Most of the primary data discussed here are available in an online database attached to that reference; new data for three kimberlites are given the auxiliary material 1 .
[17] The garnet xenocrysts have been classified according to the scheme described by Griffin et al. [2002] , which used a combination of major and trace element data to define natural populations in a large (>30,000 analyses) database of mantle-derived peridotitic garnets. Analysis of garnets in $200 mantle-derived xenoliths was used to identify the petrological associations of the statistically defined populations, in terms of processes such as melt depletion and several styles of metasomatism. This analysis allowed the statistically defined populations to be grouped into several broad categories in terms of their original host rock. Depleted harzburgites have experienced high degrees of melt extraction and now consist almost entirely of highly magnesian olivine and orthopyroxene, with minor garnet ± chromite. Depleted lherzolites are similarly magnesian, but contain small amounts of clinopyroxene and garnet. Depleted/metasomatised lherzolites have experienced high degrees of melt removal, but were later refertilized by the introduction of metasomatic fluids or melts, with the introduction of Fe, Ca and Al. They therefore are enriched in clinopyroxene and garnet, and typically have more Fe-rich olivine than the depleted rocks. Fertile lherzolites contain even more ironrich minerals, and higher proportions of clinopyroxene and garnet; beneath the Slave Craton, most of these rocks probably represent more advanced stages of metasomatism (i.e., refertilization of previously depleted mantle [Griffin et al., 1999a] ).
[18] The mantle equilibration temperature of each garnet grain can be measured from its Ni content, and mantle geotherms can be derived from garnet concentrates, using the techniques described by Ryan et al. [1996] . By reference of its Ni temperature to the geotherm, each individual garnet xenocryst can be assigned a depth, and the mean geochemical characteristics of the garnets, and their original mantle host rock, thus can be mapped against depth. The mantle sections shown in Figure 1 reflect the relative proportions of each rock-type category discussed above, in different depth slices at each sampling location. They can be regarded as ''stratigraphic columns'' for the lithospheric mantle. 
Application to the Slave Province
[22] From the Bouguer gravity and topography data for the Slave Province, we extracted a total of 14 data windows with an average size of 300 km Â 300 km, and overlap between adjacent windows. A window that is too small may not show the transitional wave band (from coherent to incoherent topography), and a window that is too large may incorporate areas with different isostatic behavior. Larger data windows were chosen in some of the areas where a small window could not resolve for the Te (e.g., one covering the whole Slave craton). In each window, we assume that loads are distributed in the form of topographic relief at the surface and at the base of the crust. Seismically determined crustal thickness estimates discussed above were used to constrain the depth to the deep interface within each study region. A mean crustal density of 2800 kg m À3 and a mean upper mantle density of 3200 kg m À3 were assumed. Other parameters that are used in the estimation of Te include Poisson's ratio (n = 0.25) and Young's modulus (E = 1 Â 10 11 N m À2 ).
Results of the Te Analysis
[23] The Te results are presented as a color-shaded map with contours on Figure 2 . The map allows us to recognize distinct domains within the Slave Province, and to compare them with the broadscale geology (Figure 3) . [24] The eastern part of the craton is underlain by a pronounced zone of strong lithosphere, centered on the Lac de Gras area and extending well to the east; this high is sharply bounded by steep gradients toward marked low-Te zones to the north and west. Another high-Te zone occurs further northwest, in the adjacent Wopmay Orogen of Paleoproterozoic age. The pronounced low-Te zone in the northern part of the craton extends up to the area underlain by the head of the MacKenzie Plume (centered at approximately 71°N, 112°W [Ernst et al., 1995] ). The sharp northern boundary of the central high-Te zone corresponds to the trace of the narrow Kilohigok Basin (Figure 3) . The western edge of the high-Te zone corresponds roughly to the surface expression of the boundary between the CSBC (or Anton Terrane) and the younger crust to the east; this boundary runs close to the middle of the northern low-Te zone. It also cuts across the area where long-period magnetotelluric studies have defined a strongly conductive uppermost mantle [Jones et al., 2001 ].
Comparison of Te With Mantle Petrology
[25] Figure 4 shows contoured values of the relative abundances of different garnet populations in the upper depleted layer of the lithospheric mantle (<145 km depth), overlain on the Te contour map. There is a strong correlation between high Te and the distribution of the most strongly depleted rocks (harzburgites, depleted lherzolites; Figure 4a [26] These variations are illustrated in more detail by a traverse (A-A 0 ; Figure 3 ) running from SE to NW along the main belt of kimberlites (Figure 6 ). Beneath the zone of high Te in the SE end of the traverse, the upper layer of the lithospheric mantle (Figure 6a ) is characterized by high abundances of depleted harzburgites and lherzolites, and low abundances of fertile and depleted/metasomatised lherzolites. As the traverse crosses the Kilohigok Basin, the abundance of depleted rocks in this upper layer drops dramatically, before rising again to the NW. The abundance of fertile lherzolites peaks beneath the Jericho pipe, on the northern edge of the Basin, and the abundance of depleted/ metasomatised lherzolites peaks slightly farther to the NW. The sharp change in the relative abundance of depleted rocks in the upper layer of the mantle corresponds to the strong gradient in Te across the Basin.
[27] As noted above, the lower layer of the lithospheric mantle is relatively homogeneous on a large scale, but the traverse (Figure 6b) shows a broad trend of increasing metasomatism (e.g., an increase in depleted/metasomatised rocks at the expense of depleted rocks) toward the NW. This trend may correlate with the overall drop in Te to the NW, but the composition of the lower layer does not appear to reflect the Te gradient across the Kilohigok Basin. Figure 3) shows that the strong N-S Te gradient corresponds to features in both the crust and the lithospheric mantle. The gradient lies between the Pb and Nd isotope lines described above, and thus along the zone where the younger eastern crust is inferred to overlie older crust at depth. Across this same zone, the upper layer of the lithospheric mantle changes from the ultradepleted type characteristic of the Lac de Gras area, to the less depleted type found beneath the western part of the craton (Figure 1) . Unfortunately, the spatial distribution of known kimberlite fields does not allow a more precise definition of the position of this lithospheric boundary.
Discussion
[29] The application of the coherence method to data from the Archean Slave craton provides estimates of effective elastic plate thickness (Te), a measure of plate strength, that correlate with compositional boundaries in the mantle beneath the Slave Province. The Slave craton taken as a whole has a Te of about 64 km. This result is compatible with studies on other continents, where Te values across cratons range from 50-120 km [Bechtel et al., 1990; Simons et al., 2000] . It should be emphasized that the values calculated for Te, though expressed in kilometers, do not represent a physical length parameter. The values therefore do not refer specifically to any particular depth, but integrate the effects of lithosphere rheology over much of the lithosphere's thickness.
[30] Theoretical predictions suggest that Te ''tracks'' the 500-700°C isotherms, i.e., that Te variations are controlled by the depth to an isotherm. However, the data from mantle xenoliths and xenocrysts in the Slave kimberlites (Paleozoic to Miocene in age) across the study area have not identified any significant differences in the mantle geotherm [Griffin et al., 2004b ]; temperatures at depths of 100 150 km vary by <50°C. Therefore it is very unlikely that the large short-range variations in Te observed in this study are caused by temperature differences.
[31] Instead, the detailed correlations between Te and mantle composition (notably in the upper layer of the mantle to $145 km depth) strongly suggest that the Te is reflecting mantle rheology, expressed indirectly by composition and especially by changes in the olivine/pyroxene ratio, in the Mg/ Fe of olivine (and coexisting phases), and in water content. Sharp changes in mantle composition along the kimberlite traverse are interpreted as marking lithosphere-scale terrane boundaries, which probably have existed since the original assembly of the craton from smaller terranes. Such ancient terrane boundaries may have experienced significant transcurrent motion, and the movement of fluids from the underlying mantle, during later changes in the compressive stress regime, leaving the mantle deformed and weakened.
[32] Thus the Te appears to be a sensitive tool for mapping variations in upper mantle properties that affect plate strength, at a higher resolution than is currently possible using seismic data alone.
[33] The kimberlites in the Slave Province have erupted from depths of at least 200 km, and their emplacement must be controlled by lithospherescale features [Poudjom Djomani et al., 2005] . While some kimberlites occur within the broad zone of weak lithosphere in the western part of the Craton, most are clustered in a band just east of the steep Te gradient running up the east-central part of the craton. This gradient corresponds broadly to the inferred boundary between the ancient continental block represented by the Anton Ter- rane, to the west, and the younger crust represented by the Hackett and Contwoyto Terranes. The Te results suggest that the younger eastern part of the Craton has a very different lithospheric composition (and hence rheology) than the ancient western part, and that the boundary between these two blocks is relatively sharp. The mapped thrust faults marking the surface expression of the inferred suture dip to the east, suggesting that the real boundary of the ancient continental block lies further east. This supposition is supported by the Pb and Nd isotopic data discussed above.
[34] Re-Os dating of sulfide grains from the SCLM beneath Lac de Gras [Aulbach et al., 2004; Westerlund, 2003] has shown that both the upper and the lower layer are 3.2-3.4 Ga in age. The presence of this old mantle beneath the younger crust of the eastern domain is consistent with the structural and isotopic evidence that the younger crust is overthrust to the west. The mantle compositional data show that the older western mantle lithosphere, with its distinct two-layered structure, extends to the eastern end of Lac de Gras. However, the most easterly kimberlites studied here have sampled a very depleted uppermost mantle, which apparently is underlain at relatively shallow depth by typical ''asthenospheric'' material, rather than the inferred plume-derived lower mantle layer found to the west (Figure 7 ).
[35] We therefore suggest that a major NNE-SSW suture zone within the Slave craton dips to the east and steepens sharply, and that the steepest portion of this major suture controlled the emplacement of many Slave craton kimberlites, over a period of time ranging from the Paleozoic to the Tertiary. Along this suture, the relatively young rocks of the eastern Slave are underlain by older lithospheric mantle derived from further west [Aulbach et al., 2004] . West of the suture, only a younger, highly depleted, and relatively thin lithospheric mantle is present. The inferred major suture zone also coincides with a 30 km-wide corridor of diabase dykes in the central Slave Craton. Stubley [2004] found a strong relationship between the distribution of diamondiferous kimberlites and this dyke corridor, and suggested that the corridor is the surface expression of a lithosphere-scale structure.
[36] Jones et al. [2003] have mapped a strongly conductive layer at 80-100 km depth in the upper mantle beneath the Lac de Gras area and extending out to the west (Figure 8 ). The eastern boundary of this anomaly coincides with the main NNW-SSE trend of kimberlite intrusion. Our data suggest this anomaly is closely associated with the two-layered SCLM of the western part of the craton.
[37] The major Te gradient on the northern side of the eastern high-Te zone corresponds to the Kilohigok Basin, a narrow belt of Proterozoic volcanic and sedimentary rocks. The sharp changes in mantle petrology and lithospheric strength across this narrow belt suggest that it was localized by another major lithospheric suture, trending ENE and separating sharply contrasting domains in the upper layer of the mantle (Figure 7 ). This suture is parallel to, but offset from, a mantle domain boundary suggested by Grutter et al. [1999] on the basis of widely-spaced composite garnet samples. The suture may have focused mantle-derived fluids, producing the high degree of metasomatic modification evident in the xenoliths and xenocrysts from the Jericho pipe near the western tip of the Basin. While a layered structure can still be discerned in the mantle beneath Jericho [Kopylova and Russell, 2000 ] the entire section is much more fertile than the mantle beneath the central parts of the craton around Lac de Gras, or even in the less depleted domains to the NW Griffin et al., 2004b] (Figure 5a ). Similar refertilization is observed locally in mantle material from some pipes south of the basin (e.g., Torrie [Griffin et al., 1999b] ), and may reflect similar translithospheric structures.
[38] We therefore suggest that, at the lithospheric level, the eastern part of the Slave Craton can be divided into at least two blocks, divided by a suture along the trace of the Kilohigok Basin (Figure 7a ). This eastern part is in turn separated from the older western part of the craton by the major NNE-SSW suture discussed above, along which the older mantle lithosphere of the CSBC is underthrust steeply to the east (Figure 7b ). The mantle petrology and Te gradients suggest the presence of other domain boundaries within the upper layer of the SCLM (Figure 7 ), but further work on mantle samples from more kimberlites will be required to locate these more precisely.
[39] In detail, the kimberlites of the Lac de Gras area tend to cluster at the margins of zones of pronounced negative Bouguer anomaly (Figure 8) . The upper layer of the lithospheric mantle mapped by Griffin et al. [1999b Griffin et al. [ , 2004b is extremely depleted (refractory), and hence has unusually low density ; we believe the pattern of Bouguer anomalies reflects the distribution of such highly depleted lithologies in the shallowest parts of the lithospheric mantle. Using garnet xenocrysts, this layer can only be mapped where it extends deeper than 80 km depth (the spinel to garnet peridotite boundary in this area), and the shallower parts of the mantle may show as much lateral heterogeneity as the parts of the upper layer that have been mapped in this way. The pattern of kimberlite distribution relative to the Bouguer anomalies suggests that such areas of highly refractory, buoyant upper mantle have exerted a secondary control on kimberlite intrusion in the Lac de Gras area. This localization could be related to the rheological contrasts between the ultradepleted mantle and the surrounding more normally depleted mantle material.
[40] The correlations between the mantle petrology data and the Te strongly suggest that refertilization events, such as those that have occurred along the Kilohigok Basin, lead to a weakening of the lithosphere due to compositional and also possibly deformation-induced textural changes. The weak lithosphere beneath the region of the Mackenzie Plume in the northern part of the craton may reflect similar processes, with the impingement of the plume head producing both thinning and refertilization of the SCLM by transient mafic magmas and associated fluids. However, the petrological data show that the depleted upper layer of the SCLM also thins to the north, and we cannot, with the available data, separate plume-related effects from those produced by the more ancient differences in SCLM structure and composition.
Conclusions
[41] 1. A NNE-SSW zone of low Te cuts through the middle of the Slave craton; it is sharply bounded to the east by a steep Te gradient. The areas underlying most of the Hackett and Contwoyto terranes of Kusky [1989] (Eastern Slave Province of Bleeker et al. [1999] ) show high Te values. We suggest that the NNE-SSW gradient parallels the deep extension of a suture between the ancient continental block represented by the Anton Terrane (CSBC), and the younger crust to the east. This major lithospheric discontinuity appears to have controlled the emplacement of many kimberlites, as well as diabase dykes, in the Slave Province.
[42] 2. A second zone of steep Te gradient corresponds to the trace of the narrow Kilohigok Basin, and to a sharp change in mantle composition. We suggest that the Kilohigok basin lies along a second major lithospheric suture, separating upper mantle domains of different composition and history. This lithospheric suture has concentrated mantle-derived fluids and melts, producing the strong metasomatism that has affected the mantle section beneath Jericho and other kimberlite pipes near the Kilohigok Basin (Figure 7 ). Proterozoic movements along this zone of weakness probably have localized the Basin.
[43] 3. The upper part of the lithospheric mantle (above 100-150 km in different regions) shows distinctive lateral compositional variations. The most fertile (most highly metasomatised) mantle, along the Kilohigok Basin beneath the Jericho pipe contrasts strongly with the most depleted domain, sampled by the Lac de Gras kimberlite fields. The latter region coincides with the mapped extent of an anomalously conductive layer (80 -100 km depth) defined by magnetotelluric measurements [Jones et al., 2001] .
[44] 4. Geotherms derived from xenocrysts and xenoliths in the many kimberlites show no significant variation in mantle temperature across the area. The correlations between Te and mantle composition, across a region of relatively uniform geotherm, suggest that in detail, the Te is reflecting the rheology of the uppermost mantle, and this in turn, reflects compositional differences. These compositional differences in turn largely reflect refertilization of once depleted rocks by mantle-derived fluids; differences in both the degree of deformation and water content may accompany the more obvious changes in major element composition and would also affect mantle rheology.
[45] 5. Thinning and refertilization of the SCLM accompanying the impingement of the Mackenzie Plume head may be responsible for the relatively low Te in the north central part of the Slave Province. Such weakening may be due to compositional and possibly textural changes in the mantle rocks due to the influx of fluids associated with the Mackenzie plume. However, it may also be related to a thinning northward of the upper layer of the SCLM, documented by material from widely spaced kimberlites.
